The buoyant density of isolated mitochondria and glyoxysomes obtained from Neurospora crassa grown under different conditions was investigated by density-gradient centrifugation on Percoll. Mitochondria isolated from N . crassa in the exponential phase of growth with sucrose as the carbon source were more dense (1,077 g ml-l) than those isolated from hyphae in the stationary phase (1.069 to 1.073 g ml-I). A second population of mitochondria (density 1.059 to 1.061 g ml-I) was also present in the stationary phase. When N . crassa was grown with acetate as the carbon source, mitochondria isolated from hyphae in the exponential phase of growth were found to be less dense (1.079 g ml-l) than those present in the stationary phase (1 -089 g ml-I). The glyoxysomes were found to be less dense than the mitochondria and their density decreased from 1.076 to 1.055 g ml-I as the hyphae aged.
I N T R O D U C T I O N
The apparent buoyant density of mitochondria and glyoxysomes isolated from Neurospora crassa has been determined by centrifugation in a linear gradient of sucrose (Kobr & Vanderhaeghe, 1973; Ortega-Perez et al., 1977) . The density of mitochondria is affected by the growth conditions of N. crassa: the mitochondria appear more dense in conidia than in hyphae growing exponentially (Ortega-Perez et al., 1977) and more dense in hyphae grown with acetate than in hyphae grown with sucrose (Kobr & Vanderhaeghe, 1973) . The buoyant density of glyoxysomes is affected not only by the growth conditions of N. crassa, but also by the tonicity of the isolation medium (Kobr & Vanderhaeghe, 1973) . The glyoxysomes from N . crassa appear more dense than the mitochondria. A similar situation has been reported for organelles isolated from castor bean endosperm and cucumber seeds (Cooper & Beevers, 1969; Koller et at., 1979) , whereas glyoxysomes are less dense than mitochondria isolated from Coprinus lagopus (O'Sullivan & Casselton, 1973) . Furthermore, the situation is not clear for organelles isolated from Saccharomyces cerevisiae (Szabo & Avers, 1969; Parish, 1975) or from Candida tropicalis (Osumi et al., 1975; Kawamoto et al., 1977) . These contradictory results could be due either to the experimental conditions or to the lipid and/or protein composition of the glyoxysomes, which could change according to the organisms and the growth conditions.
Since the membrane of glyoxysomes and the outer membrane of mitochondria are permeable to sucrose, this could lead to an osmotically induced change of volume and of organelle density during centrifugation. Accordingly, the buoyant density of organelles measured in sucrose gradients may not represent the real density. Recently, Percoll, a colloidal solution of silica coated with poly vinylpyrrolidone, has been made commercially available for density-gradient centrifugation. Percoll combines low viscosity, low osmolarity and non-toxicity (Pharmacia, 1980) . It does not adsorb to or penetrate membranes; thus, particles band at densities more characteristic of the natural values. Discontinuous Percoll gradients can be used successfully to separate mitochondria from other plant organelles (Jackson et al., 1979 .4, 0 . 1 % bovine serum albumin, 0.01% Triton X-100, 2 mM-KCN, 0-1 mM-EDTA, 1.4 mM-phenazine methosulphate and 0.044 m~-2,6-dichlorophenol1ndophenol (DCPIP). The reaction was started by the addition of 20 mM-succinate and the decrease in A600 was followed ( E 21 000 M-I cm-'). The activity of citrate synthase (EC 4.1.3.7) was measured in a medium containing 90 mM-Tris/HCl buffer, pH 8.0, 0.02% Triton X-100, 2.5 mM-oxaloacetate, 0.2 mM-acetyl-CoA and 0.1 m~-5.5'-dithiobis(2-nitrobenzoic acid). The increase in A,,, was followed ( E 15 700 M-' cm-I). Protein estimation. Protein was measured by the method of Lowry with a standard of bovine serum albumin.
R E S U L T S
N . crassa grown with sucrose Mitochondria isolated from 16 h cultures, in the early exponential phase of growth, appeared as a homogeneous population after centrifugation in a Percoll gradient (Fig. 2 ).
NAD+-isocitrate dehydrogenase, succinate dehydrogenase and malate dehydrogenase were found in the same fractions recovered from the gradient, at a mean buoyant density of 1.077 g ml-I. A small amount of all three enzymes was also found at the top of the gradient and may represent soluble enzymes derived from broken mitochondria. A similar distribution of enzymes was observed for mitochondria isolated from 24 h cultures, in the late exponential phase of growth, showing that the buoyant density of mitochondria from N. crassa did not change during the exponential phase of growth (Table 1 a) .
In the stationary phase of growth (48 h cultures), the buoyant density of isolated mitochondria was found to decrease to 1.073 g ml-I and a second population of mitochondria was found with a lower density of 1.06 1 g ml-' (Table 1 a).
Two populations of mitochondria, with buoyant densities of 1.069 and 1.059 g ml-', were obtained from hyphae grown for 96 h, when differentiation of the conidia was apparent 
. crassa and the buoyant density of its organelles
Mitochondria and glyoxysomes were isolated and purified by centrifugation on Percoll density gradients as described in Methods. The buoyant densities were determined according to the refractive index of the peak fractions containing marker enzymes of the organelles.
Buoyant density (g ml-*) Growth (Tab!e 1 a). Both contained high activities of NAD+-isocitrate dehydrogenase and succinate dehydrogenase, but a much lower activity of malate dehydrogenase, as compared with mitochondria from the exponential or the stationary phase of growth. The activity of isocitrate lyase in the particulate fraction was derepressed in the stage of differentiation. Although the distributions of isocitrate ly ase and of mitochondrial enzymes overlapped extensively, the maximal activities were not found in the same fractions and the glyoxysomes were somewhat less dense than the mitochondria (Table 1 a) .
N . crassa grown with acetate
When hyphae were harvested in the early exponential phase of growth (26 h), the mean buoyant density of isolated mitochondria was found to be 1.078 g ml-I ( value was very close to that found for mitochondria from N. crassa growing exponentially with sucrose. A second small peak of succinate dehydrogenase activity was observed at the lower density of 1.062 g ml-* in these 26 h cultures. This corresponded closely to the peak appearing in the differentiation stage on sucrose; in such young cultures, this peak could be due to mitochondria present in the germinating conidia. A small amount of mitochondrial enzymes was also found at the top of the gradient, probably soluble enzymes derived from damaged mitochondria. The distribution of the mitochondrial marker enzymes and of isocitrate lyase was not identical, although an extensive overlapping was observed: glyoxysomes appeared slightly less dense than mitochondria (Table 1 6 ).
The distribution of the mitochondrial marker enzymes was similar in preparations obtained from N . crassa harvested after 26 h or 48 h of growth with acetate (Table 1 b) . The density of glyoxysomes decreased from 1.076 to 1-072 g ml-' during the exponential phase of growth and a malate dehydrogenase activity was clearly associated with them (Fig. 3) .
In the stationary phase of growth with acetate (66 h), the buoyant density of isolated mitochondria increased to 1.089 g ml-', whereas the density of glyoxysomes decreased to 1.055 g ml-' (Table 16 ). It should be pointed out that for both exponential and stationary phases of growth, the activity of isocitrate lyase was distributed in three peaks. In the exponential phase of growth, the main peak of isocitrate lyase could correspond to 'heavy' glyoxysomes, scarcely less dense than mitochondria and containing malate dehydrogenase. In the stationary phase, the 'light' population of glyoxysomes was predominant and only a low malate dehydrogenase activity was found in these organelles. For all phases of growth in the presence of acetate, the activities of citrate synthase and NADP+-isocitrate dehydrogenase were clearly associated with mitochondria, but not with glyoxysomes. Kobr et al. (1965) reported that the activity of NADt-isocitrate dehydrogenase was somewhat enhanced by growing N . crassa with acetate. The results presented here show that the activities of malate dehydrogenase and succinate dehydrogenase associated with the mitochondrial fraction are also markedly increased (compare Figs 2 and 3 -note differences in units).
D I S C U S S I O N
The apparent buoyant density of mitochondria from N . crassa, determined by centrifugation on a linear sucrose gradient, ranged from 1 -18 to 1-21 g ml-' depending on the growth conditions (Kobr & Vanderhaeghe, 1973; Ortega-Perez et al., 1977) . Unlike sucrose, Percoll does not penetrate biological membranes and does not exert large osmotic effects. Subcellular organelles therefore band at densities lower than on sucrose gradients and densities from 1-04 to 1-10 g ml-' have been recorded for different types of mitochondria (Pharmacia, 1980) . This work shows that on Percoll gradients N . crassa mitochondria band at densities from 1-06 to 1.09 g ml-', depending on the growth conditions. These densities are lower than those obtained with sucrose gradients and are probably much closer to the in vivo values.
When N. crassa was harvested in the exponential phase of growth, the density of isolated mitochondria was similar for sucrose-and acetate-grown cultures. In contrast, in the stationary phase the mitochondria became less dense when the hyphae were grown with sucrose and more dense when grown with acetate. Furthermore, in sucrose-grown cultures, a second, less dense, mitochondrial population appeared before the formation of conidia. This is not in agreement with results obtained by centrifugation on sucrose density gradients, where mitochondria from conidia appeared more dense than mitochondria from growing hyphae (Ortega-Perez et al., 1977) .
Changes in mitochondrial density should reflect changes in the lipid and/or protein composition of the organelle. Little is known concerning the changes in the ratio of protein to lipid in mitochondria during the growth and the differentiation of N. crassa. However, for the chol-I mutant of N. crassa, the density of mitochondria is determined partially by the concentration of choline in the culture medium. At low choline concentrations, mitochondria are more dense than at high choline concentrations (Luck, 1965) . Furthermore, changes occur in the synthesis of mitochondrial phospholipids during the germination of conidia and the early exponential period of growth of wild-type N . crassa (Beck & Greenawalt, 1976) .
Depending on the growth conditions, the apparent density of glyoxysomes from N. crassa was found by Kobr & Vanderhaeghe (1973) to be from 1.20 to 1.22 g ml-l. In previous studies, the glyoxysomes thus appeared to be more dense than mitochondria. Furthermore, their density is affected by the tonicity of the surrounding medium. When glyoxysomes are suspended in 1.45 M-sucrose, only one population is found at 1.22 g ml-l. A second band is found at 1.16 or 1-14 g ml-' when glyoxysomes are suspended in 1.16 or 0.93 M-SUCrOSe, respectively (Kobr & Vanderhaeghe, 1973) . Since the sucrose concentration was extremely high in these experiments, the determination of the organelle density was probably erroneous.
From the results presented in this paper, the glyoxysomes, suspended in 0.35 M-sucrose and centrifuged in a Percoll density gradient, appeared less dense than mitochondria, with a density range from 1.055 to 1.076 g ml-l, depending on the growth conditions. For the reasons outlined above, these values should be reasonably close to the in vivo densities of glyox y somes.
In N . crassa, citrate synthase, NAD+-and NADP+-isocitrate dehydrogenases, and succinate dehydrogenase are present only in the mitochondria, whereas isocitrate lyase is found in glyoxysomes, but not in mitochondria. Our results show that a malate dehydrogenase activity is associated with the 'heavy' glyoxysomes isolated from N . crassa growing exponentially on acetate. In the stationary phase however, no malate dehydrogenase could be found in the 'light' glyoxysomes. This observation could explain the contradictory reports concerning the presence (Kobr et al., 1969) or the absence (Kobr & Vanderhaeghe, 1973) of malate dehydrogenase in glyoxysomes from N . crassa, since the growth conditions
